Xunyang is rich in various metal minerals and is one of the four major metal mining areas in Shaanxi province, China. To explore the effects of soil heavy metals and metalloid pollution on the environment and human health around the mining areas, four places-Donghecun (D), Gongguan (G), Qingtonggou (Q) and Nanshagou (N)-were selected as the sampling sites. Potential ecological risk (PER) and health risk assessment (HRA) models were used to analyze the environmental and health risks around the mining areas. The concentration of heavy metals (Cd, Cr, Pb, Zn, Ni, Cu, Hg) and metalloid (As) in cultivated land in the vicinity of Xunyang mining areas indicated that, except for Cu, the remaining elements detected exceeded the threshold values at some sites. The geo-accumulation index (I Geo ) revealed that soils in G and Q could be identified as being extremely contaminated. PER indicated that there was significantly high risk at G and Q for Hg. In N, Pb recorded the highest E i r , which also demonstrates a considerable pre-existing risk. HRA indicated that the hazard index (HI) for both carcinogenic and non-carcinogenic risks was much higher among children than among adults, and the ingestion pathway contributed the greatest risk to human health, followed by the dermal pathway and inhalation. Because the HI values of the metals and metalloid in the study areas were all lower than 1, there was no significant non-carcinogenic risk. However, the carcinogenic risk for Cr is relatively higher, surpassing the tolerable values in G, Q, and N. This study analyzed the ecological risks and human health risks of heavy metals and metalloid in farmland soils near the sampling mining areas, and demonstrated the importance of environmental changes caused by land development in the mining industry.
Introduction
Heavy metals and metalloid are considered to be the most dangerous contaminants to the environment on account of their toxicity to the soil, and they reduce the sustainability of the environment [1] . According to the National Soil Bulletin Survey in 2014, soil pollution caused by heavy metals and metalloid is prevalent in China, and the soil quality of cultivated land has been gradually decreasing [2] . The national total soil over-standard rate is 16.1%. One investigation showed that the content of inorganic pollutants such as Cd, Hg, As and Pb has been gradually increasing [3] . However, due to the scarcity of cultivated land in China, contaminated arable land is still employed for agricultural production [4] . Human activities make an important contribution to environmental pollution; studies have shown that the pollution of arable land mainly comes from industrial production, surface soil (0-20cm) was collected at the four sampling points in D, G, Q and N respectively. The sampling point in the Xunyang County is presented in Figure 1 . At each sampling point 5 samples were gathered using an "S" sampling step and then combined to form an individual composite sample. In total, twenty-four surface soil samples were collected. The samples were stored in ziplock bags with labels and then brought back to the lab. The sampling process were repeated 3 times at each sampling point. The soil samples should be air-dried under natural conditions to avoid external interference, and they were ground and sieved through a 0.15mm sieve to be evenly mixed for the later use [30] .
The test method of heavy metals and metalloid in soil samples is described as follow: Before using ICP-MS (Agilent 7700), the soils need to be completely decomposed. Digestion methods according to US EPA method 3050B with HNO3-H2O2-HCl [31] with the ratio of 3:1 (hydrochloric and nitric acids) for the heavy metal extraction. About 0.1000g of soil sample is collected in the digestion tube, and hold overnight. The samples were digested at the temperature of 40 °C, 80 °C, 120 °C and 140 °C for 1 hours, respectively. After cooling, the supernatant is filtered through a 0.45 micron filter to centrifuge tube for the further analysis [32, 33] . The concentration of Hg was digested by HNO3-H2SO4. After that, atomic fluorescence Spectrometry (AFS-9760) at 253.65nm was used for the measurement [34, 35] . The study used standard reference material (GSS-8, GSS-10 and GSF-3) to assure the quality control. These materials are from the National Center for Standard Materials in China. The ratio of recoveries ranged between 90% and 110% for the elements throughout this study. 
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Sustainability 2019, 11, 4828 4 of 16 In this expression, C i stands for the observed value of heavy metal i, mg/kg; B i is the natural background value of heavy metals and metalloid in Shaanxi province, and k is the conversion coefficient, which is 1.5. According to the magnitude of the value, heavy metals and metalloid degrees are sorted at 7 levels, as given in Table 1 . In 1980, Swedish scientist Hakanson is the first one to use PER index [36] . Because there are some different types of toxicity among metal elements, and the sensitivities of heavy metals and metalloid to the environment, the PER index is usually calculated using the concentration value of heavy metals and metalloid [37] . It more accurately represents the impact of heavy metals and metalloid on the ecological environment. The expressions are as follow (2)-(4):
Among them, RI is calculated as the sum of E i r , which represents the PER index; E i r is the PER index for single element pollution; c i n is the background value of soil heavy metals and metalloid in Shaanxi Province; c i s is the tested values of elements in soils, mg/kg; T i r is the toxicity response coefficient of heavy metals and metalloid. Environmental background values and toxicity response coefficients are shown in Table 2 . The classification results of the PER index are shown in Table 3 . 
Health Risk Assessment Model
The effect of heavy metals and metalloid on human health is the result of a combination of various elements. Therefore, the hazard index (HI) is applied to comprehensively evaluate the health risks to humans. There are three major ways for human exposure, namely oral ingestion, respiratory inhalation and dermal contact [38] . HRA includes hazard identification, exposure assessment, dose response Sustainability 2019, 11, 4828 5 of 16 assessment and risk characterization [38] . In general, the above-mentioned three exposures can be estimated by the average daily dose (CID) on both children and adults. The formulas are as following (5)- (7) :
Among them, C is the measured content of heavy metals and metalloid of the sample (mg/kg); IngR is the daily intake (mg/day); InhR is the rate of daily inhalation; EF is the exposure frequency for contact with assessed soils (days/year); ED refers to exposure duration (years); BW means average weight of human body (kg); AT is the average time (days); PEF is the release factor of particles (m 3 /kg); SA is the exposure area (cm 2 ); SL is a skin adhesion factor; ABF is a skin adsorption factor. Exposure parameters for the HRA are shown in Table 4 . HRA [39] is mainly a process of analyzing and predicting the possible adverse effects of environmental pollutants on human health, including two different risk models: carcinogenic risk and non-carcinogenic risk. The formulas for calculating the carcinogenic and non-carcinogenic effects of each heavy metal exposure pathway are listed on (8) and (9):
According to US EPA [40] , RfD in the equation refers to the reference dose for HRA calculation, and the values of RfD for each element are different. If the HI value is lower than 1, there will be no significant risk of non-carcinogenic effects. However, if the HI value exceeds 1 (HI > 1), there will be occurring non-carcinogenic risk effects with the rise of HI value [41] .
Using the surface soil heavy metals and metalloid concentration to calculate the health risk may result in a rise in daily chronic intake, which may lead to an overestimation of the health hazard index, as expounded earlier. Hence, the bioavailable concentrations of metals were adopted to estimate HRA by Yuswir et al. [42] . The cancer risk LCR is applied for characterize the health risks of carcinogenic for heavy metals and metalloid. This is determined by the sum of each exposure route. In line with US EPA [40] the CSF values of Cd, Cr, Pb and As are 6.3, 0.5, 0.0085 and 1.5 mg/kg/day, the acceptable value for cancer risk is less than 1.0 × 10 −4 , and the tolerable of LCR value is between 1.0 × 10 −6 and 1.0 × 10 −4 according to the US Environmental Protection Agency [41] . Reference dose for non-carcinogenic metals and slope factors for carcinogenic metals are shown in Table 5 . Figure 2 presents the total concentration of heavy metals and metalloid at the four mining areas. The total concentration of heavy metals and metalloid showed in a wide range. According to the corresponding Grade II of national environmental quality standard, Cr and Ni in study areas are all higher than the corresponding standard except in D. The mean values of Cd in D, G, Q and N were 105, 380, 539, 381 mg/kg. Cu content in four study areas are all under the corresponding standard. However the concentration of Cd in D, G, Q and N is 3.02, 2.52, 2.65, 4.90 times greater than the Grade II standard value. The concentration of Zn and As in four areas varied tremendously. Compared to other sites, the average concentration of Zn in N surpassed the standard value with the number of 327 mg/kg, As in D surpassed the standard value with the number of 72 mg/kg. Concentration of Pb in N is higher than those in D, G and Q, and exceeds the standard value. The highest mean concentration of Hg was observed in Q with the value of 3.93 mg/kg, followed in G with the mean value of 3.86 mg/kg. Based on the above analysis, most of the heavy metals posed a high pollution to the arable land around the mining areas. As it is shown from the samples collected from D, the soil is mainly contaminated by As and Cd. Studies shown that metalloid As exists in most ore bodies and may be released during crustal movement [1, 43] . For other regions, G and Q mining areas were mainly contaminated by Cr, Ni, Cd and Hg; sampling close to Pb-Zn mining area is polluted by Cr, Ni, Zn, Cd and Pb ( Figure 2 ). Figure 2 also shows that, although the average concentration of some heavy metals and metalloid is lower than standard value, the max concentrations were high. 
Results and Discussions
The Concentration of Heavy Metal
Geo-Accumulation Index (IGeo)
Heavy metal contamination is usually assessed by the enrichment factor [44] . The IGeo values demonstrated that the mining areas were polluted with As, Hg, Ni, Pb, Cd, and Cr ( Figure 3 ). It is demonstrated that As in D is classified of having moderate to strong contamination with the value of 2.11. Other elements such as Cu, Zn, Cd and Hg are classified as uncontaminated in D according to Table 1 . However Cr, Ni in G, Q, and N were classified as moderately to strongly contaminated. Meanwhile, Pb in G and Zn in N were categorized moderately contaminated. Among all sampling sites, Hg in G and Q posed an extreme contamination with the values of 5.35 and 5.38. The IGeo values at G and Q decreased as the sequence of Hg > Ni > Cr > Pb > As > Zn > Cu > Cd. 
Geo-Accumulation Index (I Geo )
Heavy metal contamination is usually assessed by the enrichment factor [44] . The I Geo values demonstrated that the mining areas were polluted with As, Hg, Ni, Pb, Cd, and Cr (Figure 3 ). It is demonstrated that As in D is classified of having moderate to strong contamination with the value of 2.11. Other elements such as Cu, Zn, Cd and Hg are classified as uncontaminated in D according 
Potential Ecological Risk Index
It is shown in Table 6 , The values of E i r of Cr, Cu and Zn in all sites were much less than 40, indicating a low ecological risk ( Table 3 ). The PER factors of Ni (E i r ) in G and Q were greater than 40 but lower than 80, showing a moderate risk. The PER factors of Cd and Pb (E i r ) in N, and As in D are also of moderate risk with the value of 58.07, 77.03 and 64.86. Throughout the entire study areas, E i r values of Hg are higher than 40 in G and Q. PER index of Hg reached the max, which identifies a significant risk of Hg in the mercury mining areas. This result might be the fact that Hg vapor permeates the soil through atmospheric deposition, causing serious Hg pollution in the soil near the Hg mine [45] . Additionally, Hg might get into the soils by waste water from the mining district [46] .
The values of E i r by metal elements to the total RI are illustrated in Figure 4 . It is shown that the RI in the study area is between 134. 54 
The values of E i r by metal elements to the total RI are illustrated in Figure 4 . It is shown that the RI in the study area is between 134.54 and 2667. 19 . The highest RI found at Q with the value of 2667.19, followed by the value in G with the number of 2576.80. The results indicate a significantly high risk according to the risk classification ( Table 3 ). The contributions of Hg in Q and G to RI are 93.5% and 95.1% respectively. Relatively speaking, the RI in D is at low risk, compared to other elements Hg and As, which leads a moderate risk. The contributions of Hg and As to RI are 43.89% and 42.21%. The RI in N was higher than 300, but lower than 600, showing a considerable risk. The contributions of Cd, Pb, Hg to RI are 17.04%, 22.60%, 18.26% respectively. Despite this, the RI values demonstrated a low ecological risk in D. Previous studies have suggested [47] that tailings contain a large amount of toxic heavy metals such as Cd, Pb, Cu, Ni and Zn. These toxic heavy metals are released into the environment by weathering in the form of oxides or sulfides. Soils near mining operations pose potential health risks [48] , for which activities of smelter lead to the pollution of Cd, and its toxicity is the greatest compared to other elements [49] . In N, Cd presents the moderate risk (E i r ) with the value of 58.07, which contributes 17.0% to total RI, and Cd in G is the lowest with the value of 29.84 (1.2% contribution). Previous studies have suggested [47] that tailings contain a large amount of toxic heavy metals such as Cd, Pb, Cu, Ni and Zn. These toxic heavy metals are released into the environment by weathering in the form of oxides or sulfides. Soils near mining operations pose potential health risks [48] , for which activities of smelter lead to the pollution of Cd, and its toxicity is the greatest compared to other elements [49] . In N, Cd presents the moderate risk (E i r ) with the value of 58.07, which contributes 17.0% to total RI ,and Cd in G is the lowest with the value of 29.84 (1.2% contribution). 
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Health Risk Assessment of Soil Heavy Metals
Heavy metals and metalloid such as Cr, Pb and As are toxic and persistently destruct human health, by the way of affecting human organs. Therefore, they are considered as the pollutants which lead to carcinogens [50] . The health risk assessment uses Equations (5)-(11) with the soil concentration data in surface soil (0~20 cm).
Three exposure routes of non-carcinogenic risks for adults and children are shown in Table 7 . For non-carcinogenic risk, the hazard quotient through three pathways are in order of soil ingestion > dermal contact > inhalation. The contribution of soil ingestion to the total non-carcinogenic risk (HI) is the highest among three pathways, demonstrating that soil ingestion is the major exposure pathway to human health risk. The trend of three pathways for adults was the same to children. These results in the study are the same to previous studies [51] [52] [53] [54] .
The HI value to children indicated a greater hazardous than adults, this results is similar to previous studies [55] . As shown in Figure 5 , The HI values are represented in the order of Cr > As > Pb > Ni > Hg > Cd > Cu > Zn for both adults and children. The HI values in the study areas ranged between 6.95 × 10 −4 and 9.08 × 10 −1 for children, whereas HI values for adults are between 2.40 × 10 −4 and 2.06 × 10 −1 . In general, children suffer from higher non-carcinogenic risks than adults in every way of intaking heavy metals and metalloid, indicating that children are more vulnerable to the environmental pollutions. This might be due to some behavioral characteristics of children, such as hand-to-mouth activities on soil lands [56] . There is a potential risk that the public may have an influence on non-carcinogenic if HI values are higher than 1 [41] . Obviously, the HI for both children and adults are far less than 1, which conforms the fact that the public around the study areas does not experience non-carcinogenic effects. Additionally, the carcinogenic risk values for children and adults are illustrated in Table 8 and Figure 6 . Hg, Pb, Cu and Ni are not presented due to there were no carcinogenic slope factor for them. The trend of LCR is similar to HI values. The carcinogenic risk decreases as follow: soil ingestion > dermal contact > soil inhalation. As, Pb, and Cr presented a greater carcinogenic risk for both children and adults, and the LCR values for Cr are between 9.22 × 10 −5 and 4.73 × 10 −4 (for children) and between 5.26 × 10 −5 and 2.72 × 10 −4 (for adults). It was found that besides Cr, the rest of three elements almost stood in the range of acceptable risk (1 × 10 −6 -1 × 10 −4 ) [57] . The LCR values of Cr for children in G, Q and N were 3.34, 4.73, 3.34 times higher than the max tolerable risk, respectively. Similarly, the LCR of Cr for adults in G, Q and N were 1.92, 2.72, 1.92 times of the max tolerable risk, suggesting that there was carcinogenic risk of Cr in study areas. The results are similar to Liu et al. [58] in coal mining city. 
Conclusions
In the paper, the concentrations, geo-accumulation index, PER and HRA of heavy metals and metalloid in Xunyang mining areas are demonstrated. The mean concentration of heavy metals and metalloid of As and Cd in D; Cr, Ni, Cd, and Hg in G and Q. Cr, Ni, Zn, Cd and Pb in N were found that have exceeded the standard values.
The IGeo values have proved that the soils were contaminated with most heavy metals at some locations. Especially, Hg extremely contaminated the soils at G and Q. The results of PER analysis showed that the RI range of the PER assessment indexes in the study areas are between 134.54 and 2667.19, and the RI values in G and Q showed the significantly high risk due to the great portion of Hg. HRA demonstrated that HI values were higher among children than adults both for carcinogenic and non-carcinogenic risks. The results showed that human health risk is mainly caused by soil ingestion in study areas, the non-carcinogenic risks for both children and adults are within acceptable limits. However, the value of carcinogenic risk on Cr exceeded the tolerance limit for both adults and children, suggesting that Cr has a notable risk to human health.
Heavy metals and metalloid do not only harm human through soil, but also via water and atmosphere, but in this study, only the mining area heavy metals and metalloid in soil are analyzed. In the future study, the water and the atmosphere in the vicinity of mining areas will also be investigated. 
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Conclusions
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Heavy metals and metalloid do not only harm human through soil, but also via water and atmosphere, but in this study, only the mining area heavy metals and metalloid in soil are analyzed. In the future study, the water and the atmosphere in the vicinity of mining areas will also be investigated.
